The Leguminosae plant Canavalia (C.) gladiata DC. (Sword bean, Japanese name "natamame") has been cultivated as a vegetable in Asian countries. The seeds of C. gladiata (" " in Chinese) have been known to exhibit antiemetic and demulcent effects and to stop hiccups in Chinese traditional medicine. As chemical constituents of this plant, gibberellins, 2) an amino acid (canavanine), 3) and an enzyme (concanavalin A) 4) have been reported. In the course of our studies in search of bioactive constituents from medicinal foodstuffs, 5) we have characterized several triterpene and steroid saponins from Leguminous edible beans [e.g. fenugreek (Trigonella foenum-graecum), 6) kidney bean (Phaseolus vulgaris), 7) hyacinth bean (Dolichos lablab), 8) and green peas (Pisum sativum) 9) ] and reported their inhibitory effect of histamine release and adjuvant activity.
The Leguminosae plant Canavalia (C.) gladiata DC. (Sword bean, Japanese name "natamame") has been cultivated as a vegetable in Asian countries. The seeds of C. gladiata (" " in Chinese) have been known to exhibit antiemetic and demulcent effects and to stop hiccups in Chinese traditional medicine. As chemical constituents of this plant, gibberellins, 2) an amino acid (canavanine), 3) and an enzyme (concanavalin A) 4) have been reported. In the course of our studies in search of bioactive constituents from medicinal foodstuffs, 5) we have characterized several triterpene and steroid saponins from Leguminous edible beans [e.g. fenugreek (Trigonella foenum-graecum), 6) kidney bean (Phaseolus vulgaris), 7) hyacinth bean (Dolichos lablab), 8) and green peas (Pisum sativum) 9) ] and reported their inhibitory effect of histamine release and adjuvant activity. 10) In a continuing study, we have isolated a new ent-kaurane-type diterpene glycoside named canavalioside (1) and eight new acylated flavonol oligoglycosides termed gladiatosides A 1 (3), A 2 (4), A 3 (5), B 1 (7), B 2 (8), B 3 (9), C 1 (11) , and C 2 (12) . In this paper, we describe the isolation and structure elucidation of these glycosides.
11)
The methanolic extract obtained from the seeds of C. gladiata cultivated in Japan was subjected to Diaion HP-20 column chromatography to remove the sugar and lipid components. The methanol-eluted fraction was separated by normal-and reversed-phase silica gel column chromatography and HPLC to afford canavalioside (1) and gladiatosides A 1 (3), A 2 (4), A 3 (5), B 1 (7), B 2 (8), B 3 (9), C 1 (11) , and C 2 (12) together with robinin 12) (14) , kaempferol 3-O-b-D-galactopyranosyl-7-O-a-L-rhamnopyranoside 13) (15), and kaikasaponin III 14) (16) . Canavalioside (1) was obtained as a white powder with negative optical rotation. The IR spectrum of 1 showed absorption bands at 3410, 1686, and 1073 cm Ϫ1 assignable to glycosidic and carboxyl functions. In the positive-ion FAB-MS of 1, quasimolecular ion peaks were observed at m/z 547 (MϩH) ϩ and m/z 569 (MϩNa) ϩ , while the negative-ion FAB-MS of 1 showed a quasimolecular ion peak at m/z 545 (MϪH) Ϫ . High-resolution MS analysis of the quasimolecular ion peak (MϩH) ϩ revealed the molecular formula of 1 to be C 26 H 42 O 12 . Methanolysis of 1 with 9% hydrogen chloride in dry methanol liberated methyl glucoside, which were identified by GLC analysis of trimethylsilyl derivatives. Acid hydrolysis of 1 with 5% aqueous H 2 SO 4 -1,4-dioxane (1 : 1) liberated D-glucose, which was identified by GLC analysis of the trimethylsilyl thiazolidine derivative. 15) The 1 H-NMR (pyridine-d 5 ) and 13 C-NMR (Table 1 ) spectra of 1, which were assigned by various NMR analytical methods, 16) showed signals due to two tertiary methyls [ and by high-resolution MS measurement. The planar structures of 1 and 2 were constructed on the basis of H-H COSY and HMBC experiments as shown in Fig. 1 . Thus, the H-H COSY experiment for 1 and 2 indicated the presence of the partial structures in bold lines from C-1-C-3, from C-5-C-7, and from C-9-C-12. In the HMBC experiment, longrange correlations were observed between the following protons and carbons: 18-H 3 and 3, 4, 5, 18-C; 20-H 3 and 1, 5, 9, 10-C; 15-H 2 and 8, 9, 13, 16-C; 14-H 2 and 7, 9, 13-C, so that the connectivities of the quaternary carbons in 1 and 2 were clarified. By comparison of the 13 C-NMR data for 1 with those for 2, a glycosilation shift was observed around the 17-carbon of 1. In addition, since the HMBC experiment for 1 showed a long-range correlation between the anomeric proton of the glucopyranosyl group and the 17-carbon, the b-Dglucopyranosyl moiety is linked to the 17-hydroxyl group of 2. These findings and comparisons of the 1 H-NMR and 13 C-NMR spectra of 1 with those of known ent-kaurane-type diterpene glycosides 17) led us to formulate the 17-O-b-D-glucopyranosyl 6,7,13,16,17-pentahydroxy-19-kauranoic acid structure for 1. The relative stereostructure of 1 was characterized by the difference nuclear Overhauser effect (NOE) experiment, which showed NOE correlations between the following protons: 5-H and 18-H 3 , 9-H; 6-H and 7-H, 20-H 3 ;
7-H and 14a-H; 17-H 2 and 9-H as shown in Fig. 1 . In order to clarify the absolute stereostructure of 1, the aglycone (2) examined by the circular dichroic exciton chirality method.
18)
Namely, methylation of 2 with diazomethane (CH 2 N 2 ) · etherate yielded the 19-methyl ester (2a), which was treated with pivaloyl chlolide to give the 17-pivaloyl-19-methyl ester (2b). Benzoylation of 2b with benzoyl chloride and pyridine in the presence of 4-dimethylaminopyridine (DMAP) furnished the 6,7-dibenzoate (2c). Since the circular dichroism (CD) spectrum of 2c showed a negative Cotton effect at 239 nm, the 6-and 7-positions were determined to be S and R configurations, respectively (Fig. 2) . On the basis of the above evidence, the absolute stereostructure of canavalioside (1) was elucidated.
Gladiatoside A 1 (3) was obtained as a yellow powder with a negative optical rotation. The IR spectrum of 3 showed absorption bands at 3432, 2940, 1655, 1601, and 1082 cm Ϫ1 ascribable to hydroxyl carbonyl, and ester functions, while its UV spectrum showed absorption maxima at 204 (log e 4. )]. The bisdesmoside structure bonding to the 3-and 7-positions of kaempferol was identified by HMBC experiment. Thus, long-range correlations were observed between 1Љ-H and 3-C, between 1ٞ-H and 2Љ-C, between 1ЉЉ-H and 6Љ-C, and between 1Љٞ-H and 7-C. On the basis of this evidence, the structure of 6 was elucidated as shown. 13 C-NMR data for 3 with those for 6. Consequently, the structure of gladiatoside A 1 was determined to
Gladiatosides A (Table  1 ) spectra of 4 and 5 showed signals due to o-anisic acid and desacyl-gladiatoside A moieties. The proton and carbon signals in the 1 H-and 13 C-NMR spectra of 4 and 5 were very similar to those of 3, respectively, except for the signals due to the 7-O-a-L-rhamnopyranosyl moiety. In the HMBC experiment of 4 and 5, long-range correlations were observed between the 3Љٞ-proton and the carbonyl carbon of o-anisic acid in 4 and between the 2Љٞ-proton and the carbonyl carbon of o-anisic acid in 5. Consequently, the structures of gladiatosides A 2 and A 3 were determined as 7
Gladiatosides B 1 (7), B 2 (8), and B 3 (9) were isolated as yellow powders. Since their IR and UV spectral data were similar to those of 3, 4, and 5, their flavonol glycoside structures were deduced. Gladiatosides B 1 (7), B 2 (8), and B 3 (9) were found to have the same molecular formula C 47 H 56 O 25, which was determined from the quasimolecular ion peak in their negative-and positive-ion FAB-MS at m/z 1019 (MϪH) Ϫ and 1043 (MϩNa) ϩ and by high-resolution MS measurement. Alkaline hydrolysis of 7, 8, and 9 liberated oanisic acid and desacyl-gladiatoside B (10), while acid hydrolysis of 7, 8, and 9 liberated D-galactose and L-rhamnose. The 1 H-NMR (DMSO-d 6 ) and 13 C-NMR (Table 1) Vol. 48, No. 11 Table 2 . 13 C-NMR Data for Gladiatosides A 1 (3), A 2 (4), A 3 (5), B 1 (7), B 2 (8), B 3 (9), C 1 (11) , and C 2 (12) and Desacyl-gladiatosides A (6) and B (10) In the HMBC experiment of 10, long-range correlations were observed between 1Љ-H and 3-C, between 1ٞ-H and 2Љ-C, between 1ЉЉ-H and 6Љ-C, and between 1Љٞ-H and 7-C. Consequently, the structure of desacyl-gladiatoside B (10) was elucidated as shown. The 1 H-NMR (DMSO-d 6 ) and 13 C-NMR (Table 1 ) spectra of 7, 8, and 9 showed signals due to an o-anisoyl group in addition to a desacyl-gladiatoside A moiety. The proton and carbon signals in the 1 H-and 13 C-NMR spectra of 7, 8, and 9 were very similar to those of 3, 4, and 5, respectively, except for the signals due to the 2Љ-O-a-L-rhamnopyranosyl moiety. By comparison of the 13 C-NMR data for 7, 8, and 9 with those for 10, glycosidation shifts were observed around the 4Љٞ, 3Љٞ, and 2Љٞ-carbons, respectively. Furthermore, in the HMBC experiments for 7, 8, and 9, long-range correlations were observed between the 4Љٞ-proton and the carbonyl carbon of o-anisic acid in 7, between the 3Љٞ-proton and the carbonyl carbon of o-anisic acid in 8, and between the 2Љٞ-proton and the carbonyl carbon of o-anisic acid in 9. Consequently, the structures of gladiatosides B 1 , B 2 , and B 3 were determined as 7
Gladiatosides C 1 (11) and C 2 (12) 
Experimental
The following instruments were used to obtain physical data: specific rotations, Horiba SEPA-300 digital polarimeter (lϭ5 cm); UV spectra, Shimadzu UV-1200 spectrometer; IR spectra, Shimadzu FTIR-8100 spectrometer; CD spectra, J-720WI; 1 H-NMR spectra, JNM-LA500 (500 MHz) and Varian UNITY INOVA 400NB (400 MHz) spectrometer; 13 C-NMR spectra, JNM-LA500 (125 MHz) and Varian UNITY INOVA 400NB (100 MHz) spectrometers with tetramethylsilane as an internal standard; MS and highresolution MS, JEOL JMS-SX 102A mass spectrometer and JMS-GC-MATE; HPLC, Shimadzu LC-10AS chromatograph.
The following experimental conditions were used for chromatography: normal-phase column chromatography; Silica gel BW-200 (Fuji Silysia B 1 (7), B 2 (8), B 3 (9), C 1 (11), and C 2 (12) C-NMR) with reported values. [11] [12] [13] Canavalioside (1) 
Methylation of Canavaliol (2)
A solution of 2 (11.5 mg) in MeOH (1.0 ml) was treated with ethereal diazomethane (ca. 10 ml) until the yellow color persisted. The solution was stirred at room temperature (25°C) for 30 min and the solvent was removed under reduced pressure to furnish a product. This product was purified by normal-phase silica gel column chromatography [ 
